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Hartree-Fock calculation of the photoionization
of the excited N 2p 3p S state
H. P. Saha

Department of Physics, University of Central Florida, Orlando, Florida 32816
(Received 22 February 1991; revised manuscript received 17 July 1991)

The partial photoionization cross sections and asymmetry parameter of the excited state 2p 3p S of
Hartree-Fock method for continuum wave
nitrogen have been calculated using the multiconfiguration
functions. The effects of electron correlation on the excited initial state, the ionic core state, and the
final continuum state have been taken into account in an ab initio manner through the configurationinteraction procedure. It is found that the correlations do not change the result significantly from that
obtained with Hartree-Slater and Hartree-Fock calculations. The present result of the asymmetry parameter is seen to be in excellent agreement with the experimental measurement of Pratt, Dehmer, and
Dehmer [Phys. Rev. A 36, 1702 (1987)] performed at a single photon energy.

PACS number(s): 32.80.Fb

The photoionization of atoms in excited states has received increasing attention from both experimentalists
and theoreticians in the past few years as a rich source of
information on detailed atomic structure and processes.
Excited-state photoionization is of importance in controlled thermonuclear research plasmas and in regions of
This is
high temperature, such as stellar atmospheres.
also important in the inverse process, radiative recombination.
Photoionization of molecules by lasers has proven to be
a powerful technique for the production of open-shell,
first-row atoms. There are many studies of resonantly
enhanced multiphoton ionization (REMPI). In some experiments, REMPI can be described as one- or morephoton ionization of an excited state. Studies of this type
have been recently performed on nitrogen. Pratt, Dehmer, and Dehmer [1] produced two-photon resonant,
three-photon (2+ 1) ionization spectrum of atomic nitrogen by photodissociation of nitrous oxide. They found an
anisotropic angular distribution of photoelectrons emitted from the excited state 2p 3p S of nitrogen. This photoelectron spectrum via the S state displays a single N+
photoelectron peak corresponding to the production of
the 2p P ground state.
In fact, there is very little experimental work on
excited-state photoionization cross sections due to various technical difticulties associated with the production
of excited-state targets in the laboratory and even less
which covers a significant energy range. To judge the accuracy of the theoretical work, experimental data for a
wide range of energies are of great importance.
Cross
sections at a single photon energy, although useful, are
not sufhcient for verification of the theoretical results.
Pratt, Dehmer, and Dehmer [1] measured the asymmetry
parameter for the photoionization of the excited nitrogen
at a single photon energy, 4.61 eV. They found the asymmetry parameter to be —
0. 2+0. 1 at this photon energy.
Recently Theodosiou [2] calculated the 3p photoioniza-

tion cross section and asymmetry parameter of the excited state 2p 3p S of nitrogen using the Hartree-Slater apand obtained the asymmetry
proximation
parameter
P= —0.25 which is in excellent agreement with the ex0. 2+0. 1 measured at a single phoperimental value of —
ton energy 4.61 eV. Manson [3] also performed a similar
calculation for the photoionization cross section and the
photoelectron angular distribution resulting from N 3p
Hartree-Slater
photoionization
using the central-field
method and obtained reasonably good agreement with experiment. Very recently Nahar and Manson [4] calculated the photoelectron angular distribution asymmetry parameter for the excited 2p 3p 5 state of atomic nitrogen
approximation.
using Hartree-Fock
They used the
relaxed-core wave functions for both the initial discrete
and the final continuum states. They found reasonably
good agreement with the experimental measurement [1].
some calculations [2 —4] have been perAlthough
formed on the central-field level and also on the HartreeFock level, which neglects the electron-electron correlation completely, a more accurate calculation that takes
into account the electron correlation very efticiently is
needed to understand the physics of the problem and also
to explain the behavior of the photoelectron angular distribution quantitatively.
HartreeRecently we applied the multiconfiguration
Fock (MCHF) method to the calculation of the photoionization cross section and the photoelectron asymmetry
paratneter of the excited state of cesium [5]. This method
employs procedures that allow optimization at each kinetic energy of the important core-polarization effects on
the continuum function as well as for the incorporation
of target and the ionic core configuration mixing effects.
The main aim of this paper is to investigate the behavior of the photoionization cross section and the photoelectron asymmetry parameter for the excited state N 3p
by performing calculations in the MCHF approximation.
The emphasis in this study is to take into account the
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electron-electron correlation effects ab initio in order to
cross section and the
obtain accurate photoionization
photoelectron angular distribution and compare them
with the recent experimental measurement [1]. The calculations have been performed using both the simple
Hartree-Pock (HF) and the more sophisticated MCHF
wave function of the initial discrete excited state, the final
discrete ionic state, and the continuum state.
The photoionization cross section for a transition from
is
an initial bound state i to a final continuum state
approximation
in
the
dipole
by
given,

The dipole transition operator T is given by

T=T~=
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in the velocity form.
The asymmetry parameter,
is given by [6]

[

m

p„, (co) =

in the Cooper-Zare model,

I (I —1)

Tl, (ci) )+ (I + 1)(l +2) Ti+, (co) —61 (I + 1)Ti, (co) Ti+, (co)cos(@i+, —ei, )
(21+1)[le,(co)+(/ +1)Ti+, (co)]
I

where &&,(co) and T&+, (~) are the radial parts of the dipole matrix element corresponding to the l —I and l + I
channels, respectively, and e&(co) is the total phase shift of
the lth channel.
The final MCHF wave function for the continuum
state with label y, energy E, and the term S is expanded
in a series of the form

I

m

%(yLS;N+1)=

g a, C&(y, L, S, ;N)p«
j=l
+

g c, C&(y, LS;N +1) .

A set of radial functions P, (r), i

=1,2, . . . , m,

defines the above MCHF wave function,
the coupled integro-differential equations

d
dr

2Z

which
is a solution of

numerically
earlier [5].

by the iterative

method

Both HF and MCHF calculations were performed to
determine the effects of correlation. The main emphasis
in this study is to take into account the electron correlation effect ab initio. To simplify the evaluation of the
electric dipole matrix elements, the Is, 2s, and 2p radial
functions for both the states are obtained from the HF
calculation of the core 2s 2p P state, for the HF calculation, and from the MCHF calculation
of core
(2s 2p +Zp ) P state, for the MCHF calculation. The
2s 2p P state of the core mixes strongly with the 2p P
state. Mixing coefficients are, respectively, 0.9899027
and —
0. 141 748 3.
The MCHF wave-function expansion of the initial excited bound-state wave function is over the set of three
configuration states coupled to form a S term,

of the form
[2s 2p 3p, 2p 3p, 2s 3p3d

I (I + 1)

r2

These coupled integro-differential

equations are solved

[2s 2p kd„2p kd„2s 2p 3d, 2p 3d, 2s2p

described in detail

3d, 2p 3s3d, 2s

2p33p3d, 2p 3s3p, 2s2p

(

S.

The initial excited bound-state radial functions are obtained from the MCHF calculation [7] varying 3p and 3d
orbitals simultaneously with Is, 2s, and 2p the same as
the MCHF wave function of the core.
The final MCHF continuum-wave-function
expansion
for the 2s 2p kd P state is over the 108 configurations
coupled to form a P term,

3s3d~, 2s2p 3s3d, 2s2p3s3p3d, 2p 3s

3p, 2p 3s3p, 2s2p 3s, 2p

3p 3d, 2s

3d, 2p

3d,

3d „2s 4d2, 2p 4d2] P .

The radial functions 3s, 4dz, and kd, are varied simultaneously for each kinetic energy of the photoelectron.
For the final continuum state 2s 2p ks P, the MCHF expansion was over the set of 65 configuration states,
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